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PLQXWHV3URILOH&PDLQWDLQHGWRG%=RIZHDNHFKRIRU
PLQXWHVEHIRUHVHHGLQJDQGEHJDQWRVWUHQJWKHQLQPLQXWHV,WUHDFKHGWKHPD[LPXPRIG%=LQ
PLQXWHVZLWKWKHVWUHQJWKHQHGUDWHRI
• 7KHGHYHORSPHQWRI0%5RQWKHVXSHUFRROHGFORXGOD\HURYHU$%&VHHGHGUHJLRQVZHUHPRUH
TXLFNO\WKDQRQWKHZDUPOD\HURUWKHIOXFWXDWLRQVRI0%5DW&,1'$5¶VHOHYDWLRQDQJOHRI
GHJUHHZHUHJHQHUDOO\DGYDQFHGWKDQWKDWRIGHJUHH)RUH[DPSOHWKHVXPPLWRISURILOH$
ZDVDW30WKHQLWGHFOLQHGZKLOHSURILOH$UHDFKHGWKHVXPPLWDW30ZLWKPLQXWHV
EHKLQGRISURILOH$&DVHVRYHU%DQG&UHJLRQDOVRVKRZHGDVLPLODUWUHQGLQJ

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)LJ9DULDWLRQWUHQGVRIWKH0%5RQWKHWDUJHWHGUHJLRQ+-DQGWKHFRQWUROOHGUHJLRQ+-
$QDO\VLVIRUWKHGDWDRQWKHWDUJHWHGUHJLRQV'()*+-RQ-DQXDU\DOVRVKRZHGWKDWDIWHU
WKHFORXGVHHGLQJUHIOHFWLYLW\RYHUWKHZDUPOD\HURUDWWKHHOHYDWLRQDQJOHRIGHJUHHLQFUHDVHGZKLOH
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UHIOHFWLYLW\RYHUWKHFRROOD\HURUDWWKHHOHYDWLRQDQJOHRIGHJUHHGHYHORSHGPRUHIDVWWKDQWKDWRYHU
WKHZDUPOD\HUVHH)LJ)LJDQG)LJ

9DULDWLRQ RI 0%5 RYHU WKHVH WDUJHWHG UHJLRQV UHIOHFWHG WKH PLFURSK\VLFDO FKDQJHV DIWHU VHHGLQJ
RSHUDWLRQDQGWKHFKDLQUHDFWLRQRISDUWLFOHV¶FRPSRVLWLRQWKDWKDSSHQHGLQERWKRIVXSHUFRROHGOD\HUDQG
ZDUPOD\HU
• 5DGDUHFKRHVRYHUWKHVHHGHGUHJLRQZLOOKDYHDVWUHQJWKHQHGWUHQGLQJWRPLQXWHVDIWHUVHHGLQJ
LQWKHZDUPOD\HU
• (FKRHVVXPPLWRQWKHVXSHUFRROHGOD\HUZHUHJHQHUDOO\DGYDQFHGWRWKDWRQWKHZDUPOD\HUUHYHDOLQJ
WKDWWKHUDLQGURSVDQGWKHODUJHFORXGGURSVLQWKHORZHUDQGZDUPOD\HUFRPHIURPWKHWUDQVIRUPDWLRQ
DQGGHYHORSLQJRIWKHVXSHUFRROHGFORXGGURSVDQGLFHFU\VWDOV
• 7KHHIIHFWLRQPLJKWEHJLQZLWKLQPLQXWHVDIWHUFORXGVHHGLQJ)RUH[DPSOHRQ)HEUXDU\
WKHGLVWDQFHEHWZHHQWKHFHQWHURIUDGDU¶VHPLVVLRQHOHFWURPDJQHWLFEHDPDWHOHYDWLRQDQJOHRI
GHJUHHDQGWKDWRIGHJUHHZDVNPNPDQGNPUHVSHFWLYHO\DQGWKHGLIIHUHQFHRIWLPHZKHQ
HFKRUHDFKHGVXPPLWRYHUWKHVHHGHGUHJLRQZHUHZLWKLQPLQXWHVVXJJHVWLQJWKDWWKH
WUDQVIRUPDWLRQRIOLWWOHFORXGGURSVRULFHFU\VWDOVWRODUJHFORXGGURSVRUUDLQGURSVPD\EHFRPSOHWHG
LQDYHU\VKRUWWLPH
&RPSDULVRQIRUWKH&,1'$5HFKRHVRYHUWKHWDUJHWHGUHJLRQVDQGWKHFRQWUROOHGUHJLRQV
)LJ VKRZV WKHSURILOHVRI0%5RYHU WKH WDUJHWHG UHJLRQ$DQG LWV FRQWUROOHG UHJLRQV$DQG$
'XHWRWKHODUJHYDULDWLRQLQVSDFHIRUFORXGGHYHORSPHQWWKHUHZDVDELJGLIIHUHQFHIRU&,1'$5HFKRHV
RYHUUHJLRQ$$DQG$DWDVSHFLILFWLPH,QWKHVXSHUFRROHGOD\HULWWRRNPLQXWHVIRUHFKRHVRYHU
WKH WDUJHWHG UHJLRQ $ WR ULVH IURP  G%= WR  G%= PHDQZKLOH LW WRRN  PLQXWHV DQG  PLQXWHV
UHVSHFWLYHO\IRUHFKRHVRYHUWKHFRQWUROOHGUHJLRQ$DQG$WRULVHWRWKHVDPHDPSOLWXGH,QWKHZDUP
OD\HUHFKRHVRYHUUHJLRQ$NHSWVWUHQJWKHQLQJIRURYHUKRXUDIWHUVHHGLQJ

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$5HJLRQDW
$5HJLRQDW
$5HJLRQDW
$5HJLRQDW
$5HJLRQDW
$6HHGLQJ7LPH
)LJ9DULDWLRQWUHQGVRIWKH0%5RYHUWKHWDUJHWHGUHJLRQ$DQGWKHFRQWUROOHGUHJLRQ$$
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& 
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& 
& 
)LJ9DULDWLRQWUHQGVRIWKH0%5RYHUWKHWDUJHWHGUHJLRQ&DQGWKHFRQWUROOHGUHJLRQ&&
)LJVKRZVWKHSURILOHVRI0%5RYHUWKHWDUJHWHGUHJLRQ%DQGLWVFRQWUROOHGUHJLRQ%DQG%:H
PD\VHHWKDWHFKRHVRYHUWDUJHWHGUHJLRQ%FKDQJHGPRUHTXLFNO\WKDQWKDWRYHUWKHFRQWUROOHGUHJLRQ%
DQG%QRPDWWHULQWKHVXSHUFRROHGOD\HURUWKHZDUPOD\HU,WWRRNPLQXWHVIRUSURILOH%WRULVH
IURPG%=WRG%=ZKLOHLWWRRNPLQXWHVIRUSURILOH%WRULVHWRWKHVDPHDPSOLWXGH,QWKH
ZDUPOD\HULWWRRNPLQXWHVIRUSURILOH%WRULVHIURPG%=WRG%=ZKLOHLWWRRNPLQXWHV
IRUSURILOH%WRULVHWRWKHVDPHDPSOLWXGH7KHUHZDVQRHFKRRFFXUUHGRYHU%UHJLRQ
)LJVKRZVWKHSURILOHVRI0%5RYHUWKHWDUJHWHGUHJLRQ&DQGLWVFRQWUROOHGUHJLRQ&DQG&,Q
WKH VXSHUFRROHG OD\HU LW WRRNPLQXWHV IRU ERWKRI SURILOH& DQG& WR ULVH IURPG%= WR
G%=EXWSURILOH&URVHRQO\G%=DWWKHVDPHWLPH,QWKHZDUPOD\HULWWRRNPLQXWHVIRU
WKHSURILOH&WRULVHIURPG%=WRG%=ZKLOHLWWRRNPLQXWHVIRUSURILOH&WRULVHWR
WKHVDPHDPSOLWXGHDQGSURILOH&RQO\LQFUHDVHGWRG%=
$QDO\VLVWRWKHGDWDRQ-DQXDU\RYHUWKHWDUJHWHGUHJLRQVRI'()*+-DQGWKHFRQWUROOHG
UHJLRQVRI'()*+-DOVRVKRZVWKHVLPLODUWUHQGVRIWKDWRQ)HEUXDU\
)URPWKHDERYHGLVFXVVLRQRQ0%5RYHUWKHWDUJHWHGUHJLRQVDQGWKHFRQWUROOHGUHJLRQVLWPD\EH
VHHQWKDWWKH&,1'$5HFKRHVLQZDUPOD\HURYHUWKHWDUJHWHGUHJLRQVVKRZHGDLQFUHDVLQJO\VWUHQJWKHQHG
WUHQGLQJDIWHUVHHGLQJDQGWKHDPSOLWXGHRI0%5RYHUWKHWDUJHWHGUHJLRQVZDVELJJHUWKDQWKDWRYHUWKH
FRQWUROOHGUHJLRQVDQGNHHSLQJDPRUHORQJHUWLPHWKDWPD\EHRYHUKRXULQVSLWHRIWKH0%5YDULDWLRQ
DW LQLWLDO WLPH RYHU WKH WDUJHWHG UHJLRQV DQG WKH FRQWUROOHG UHJLRQV 7KLV IDFW LOOXVWUDWHG WKDW WKH
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VXSHUFRROHGZDWHU ZHUH NHSW EHLQJ WUDQVIRUPHG WR LFH FU\VWDOV DQG JUHZ DFFHOHUDQGR WKHQ WKHVH VROLG
SDUWLFOHV PHOWHG DQG WXUQHG LQWR UDLQGURSV ZKHQ FURVVLQJ WKH OD\HU RI   WKDW UHVXOWHG LQ WKH
VWUHQJWKHQLQJRI&,1'$5HFKRHV
$QDO\VLVRIWKHFKDQJLQJUDWHRI0%5RYHUWKHWDUJHWHGUHJLRQV
6HWWLQJ0 Ĳ  5 Ĳ 5 5
:KHUH0 Ĳ LVWKHFKDQJLQJUDWHRI0%5RYHUWKHWDUJHWWHGUHJLRQVDWĲPLQXWHVDIWHUWKHFORXG
VHHGLQJ5 Ĳ LVWKH0%5DWĲPLQXWHVDIWHUWKHFORXGVHHGLQJ5LVWKH0%5ZKHQVHHGLQJ
7DEOH9DOXHRI0LQWKHZDUPOD\HURIFORXGVRYHUWKHWDUJHWHGUHJLRQV
5HJLRQ 0 0 0 0 0 0 0 0 0 0
$          
%          
&          
'          
(          
)          
*          
+          
-          
0HDQ          

7DEOH9DOXHRI0LQWKHFRROOD\HURIFORXGVRYHUWKHWDUJHWHGUHJLRQV
5HJLRQ 0 0 0 0 0 0 0 0 0 0
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&          
'          
(          
)          
*          
+          
-          
0HDQ          

7DEOH  DQG 7DEOH  DUH WKH FKDQJLQJ UDWH RI0%5 LQ WKH ZDUP OD\HU DQG WKH FRRO OD\HU RYHU WKH
WDUJHWHGUHJLRQVZLWKLQKRXU,WLVVKRZHGWKDWYDOXHRI0LQWKHFRROOD\HULVJHQHUDOO\QHJDWLYHEXWQRW
308   Ruibo Zhang and Lijun Liu /  Procedia Earth and Planetary Science  2 ( 2011 )  299 – 308 
VPDOOHUWKDQUHIOHFWLQJWKDW0%5GHFUHDVHGVORZO\GXHWRWKHH[KDXVWLRQRIWKHVXSHUFRROHGFORXG
0HDQZKLOHYDOXHRI0LQWKHZDUPOD\HULVDOZD\VELJJHUWKDQDQGUHDFKHGWKHVXPPLWLQPLQXWHV
UHIOHFWLQJWKDW0%5LQFUHDVHGGXHWRWKHFORXGDQGUDLQGURSVLQFUHDVHG
3UHOLPLQDU\&RQFOXVLRQV
• *ODFLRJHQLFVHHGLQJLQWKHVXSHUFRROHGFORXGPD\LPSDFWRQWKH&,1'$5¶VHFKRHVLQERWKRIWKH
VXSHUFRROHGOD\HUDQGWKHZDUPOD\HUZLWKDVLJQLILFDQWHIIHFWLQDERXWWRPLQXWHVEXWWKH
LPSDFWLQJGHJUHHZLOOUHO\RQWKHFORXGFRQGLWLRQ
• $IWHUJODFLRJHQLFVHHGLQJLQWKHVXSHUFRROHGFORXGUDGDUHFKRHVDWWKHVHHGLQJDOWLWXGHZLOOJHQHUDOO\
ZHDNHQZKLOHLWVWUHQJWKHQVLQWKHZDUPOD\HUZLWKLQPLQXWHV7KHVHIDFWVLOOXVWUDWHGWKDWFORXG
VHHGLQJPD\UHVXOWLQWKHH[KDXVWLRQRIVXSHUFRROHGZDWHUDQGLQFUHDVHWKHQXPEHURIUDLQGURSVLQWKH
ZDUPOD\HULQDYHU\VKRUWWLPH7KHPD[LPXPRIWKHFKDQJLQJUDWHRIWKHUHIOHFWLYLW\LQZDUPUHJLRQ
PD\EHRUPRUH
• $IWHUVHHGLQJLQDV\VWHPDWLFFORXGWKHUDGDUHFKRHVRYHUWKHWDUJHWHGUHJLRQPLJKWEHPRUH
VWUHQJWKHQHGVLJQLILFDQWO\WKDQRYHUWKHFRQWUROOHGUHJLRQDQGEHPRUHTXLFNO\LQJHWWLQJWRWKHVXPPLW
DQGODVWLQJIRUKRXURUPRUH
5HIHUHQFHV
>@6FKDHIHU9-7KHSURGXFWLRQRILFHFU\VWDOVLQDFORXGRIVXSHUFRROHGZDWHUGURSOHWV6FLHQFH
>@9RQQHJXW%1XFOHDWLRQRILFHIRUPDWLRQE\VLOYHULRGLGH-RXUQDORI$SSOLHG3K\VLFV
>@)XNXWD1 3URMHFW 0RXQWDLQ 9DOOH\ 6XQVKLQH3URJUHVV LQ VFLHQFH DQG WHFKQRORJ\ -RXUQDO RI $SSOLHG 0HWHRURORJ\

>@ 5RVHQIHOG 'DQLHO 6DWHOOLWH5HWULHYHG0LFURVWUXFWXUH RI $J, 6HHGLQJ 7UDFNV LQ 6XSHUFRROHG /D\HU &ORXGV >-@-RXUQDO RI
$SSOLHG0HWHRURORJ\
>@(QJOLVK 0 0DUZLW] -'$ FRPSDULVRQ RI $J, DQG &2 VHHGLQJ HIIHFWV LQ $OEHUWD FXPXOXV FORXGV -RXUQDO RI $SSOLHG
0HWHRURORJ\ 
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